trans-Cyano(6-methyl-1,4,8,11-tetraazacyclotetradecan-6-amine)-cobalt(III) bis(perchlorate) hydrate and trans-hydroxo(6-methyl-1,4,8,11-tetraazacyclotetradecan-6-amine)-cobalt(III) bis(perchlorate)
The crystal structures of a pair of closely related macrocyclic cyano-and hydroxopentaaminecobalt(III) complexes, as their perchlorate salts, are reported. Although the two complexes, [Co(CN)(C 11 H 27 N 5 )](ClO 4 ) 2 ÁH 2 O and [Co(OH)(C 11 H 27 N 5 )]-(ClO 4 ) 2 , exhibit similar conformations, signi®cant differences in the CoÐN bond lengths arise from the in¯uence of the sixth ligand (cyano as opposed to hydroxo). The ensuing hydrogenbonding patterns are also distinctly different. Disorder in the perchlorate anions was clearly resolved and this was rationalized on the basis of distinct hydrogen-bonding motifs involving the anion O atoms and the NÐH and OÐH donors.
Comment
The pendant amino-substitutued cyclam 6-methyl-1,4,8,11-tetraazacyclotetradecane-6-amine (L 1 ) has the capability of binding as a pentadentate ligand via its four secondary amine and single primary amine N-donors. The ligand may coordinate in a folded (cis) or planar (trans) con®guration (Hambley et al., 1992) . Within the trans form, there are two possible N-based isomeric forms, viz. RSRS (trans-I) (Bernhardt et al., 2000) , with all amine H atoms on the same side of the macrocyclic plane, and RRSS (trans-III) (Hambley et al., 1992) , with two H atoms up and two down. In six-coordinate complexes of L 1 , the trans-I form has been most commonly encountered in complexes bearing the [CoL 1 ] moiety (Bernhardt et al., 2000 .
The related hexaamine L 2 may bind in a hexadentate (Bernhardt et al., 1989 (Bernhardt et al., , 1991 , pentadentate Curtis et al., 1993) or tetradentate (Curtis et al., 1992; Bernhardt, Lawrance, Patalinghug et al., 1990) mode, depending on the protonation state of the pendant amines and the preferred coordination geometry of the metal ion. When bulky substituents are attached to one of the pendant amines of L 2 (e.g. L 3a±c ), coordination of the substituted amine is disfavoured on steric grounds (Bernhardt & Hayes, 2002 The structure of (I) (Fig. 1 ) reveals the expected scorpionate conformation of the macrocyclic ligand, with the pendant amine tail coordinating above the CoN 4 plane and trans to the cyano ligand. The trans-I N-based isomer is apparent. As expected, the CoÐCN coordinate bond is the shortest ( (2) A Ê ]. This axial elongation may be attributed to the trans in¯uence of the cyano ligand, as no signi®cant differences between the bond lengths involving the secondary or primary amines have been seen in chloro (Bernhardt et al., 2000; Bernhardt & Macpherson, 2003) , N-bound ferrocyanide (Bernhardt et al., 2000) or ferricyanide (Bernhardt & Hayes, 2002) .
Hydrogen bonding is a feature of the structure of (I) (Fig. 2) . The complex cations are arranged into a linear polymeric hydrogen-bonded array, with the pendant amino group as donor and the cyano ligand as acceptor (Table 2 ). All remaining NÐH groups participate in hydrogen bonds to either the perchlorate anions or the water molecule. Of note is the bifurcated hydrogen bond formed between the water atom O1 and the pair of adjacent secondary amines (N2 and N3).
Disorder in the positions of perchlorate atoms O1B, O1C and O1D (O1B HH , O1C HH and O1D HH ) was resolved and two distinct orientations of the anion were identi®ed, related by a ca 70 rotation of the anion about the Cl1ÐO1A bond. The complementary occupancies of the two contributors were 83 and 17%, and no geometric restraints were used in the re®nement. The hydrogen bonds present in these two orientations are illustrated in Fig. 3 . In the major contributor, atoms O1C and O1D participate in strong hydrogen-bonding interactions with the pendant amine and the water molecule (Table 2) . Although these two interactions remain in the alternate minor orientation, they are somewhat more acute and hence weaker. To compensate for this misalignment, the minor contributor gains an extra hydrogen bond, with atom O1B
HH as acceptor for a water molecule, whereas atom O1B has no partner in the major form.
The structure of (II) (Fig. 4) has also been determined. The conformation of the macrocycle is identical to that seen in (I), but the CoÐN bond lengths (Table 3) , and the CoÐN5 bond length is not particularly long.
Substitution of cyano (a hydrogen-bond acceptor) with hydroxo (both a donor and an acceptor) results in a quite different hydrogen-bonding pattern for (II) (Fig. 5) . Unlike the polymeric hydrogen-bonded chain seen in (I), the cations in (II) form centrosymmetric dimers, with the hydroxo O atom of one cation participating in a bifurcated hydrogen bond with the secondary amine groups N2 and N3 on an adjacent complex (Table 4 ). This motif is reminiscent of that seen in (I), where the water molecule plays the role of acceptor in place of Figure 3 A plot of the perchlorate disorder in (I). Alkyl H atoms have been omitted. See Table 2 for the perchlorate symmetry code. Atoms labelled with an asterisk (*) are at the symmetry position (1 À x, 1 2 + y, 1 À z) and atoms labelled with a hash sign (#) are at the symmetry position (x À 1, y + 1, z).
Figure 2
A plot of the hydrogen bonding in (I). Alkyl H atoms have been omitted. See Table 2 for symmetry codes.
Figure 4
A view of the complex cation in (II), with the atom-numbering scheme. Displacement ellipsoids are drawn at the 30% probability level and H atoms are shown as small spheres of arbitrary radii. (Fig. 6 ) to disorder in anion 1 are related by a ca 40 rotation about Cl1Ð O1A. In the major orientation, atoms O1B and O1D accept strong hydrogen bonds from N4ÐH4 and O1ÐH1C. In the minor contributor, only atom O2D
HH is hydrogen bonded, in a bifurcated motif with both N4ÐH4 and O1ÐH1C. Anion 2 bridges the pendant amines of adjacent cations. Rotation about Cl2ÐO2A, again by ca 40 , generates the two contributors, each of which forms a pair of hydrogen bonds of similar strength to two different complex cations.
In (Bernhardt et al., 2000) was converted to the cyano complex by stirring an aqueous solution of the complex at 298 K for 2 h in the presence of a stoichiometric amount of KCN in a well ventilated fume hood. The compound was puri®ed by cation-exchange chromatography and then crystallised as (I) by slow evaporation of a concentrated NaClO 4 solution of the complex. The hydroxo analogue, (II), was prepared by base hydrolysis of trans-I-[CoL 1 Cl](ClO 4 ) 2 (pH = 10) at room temperature, followed by slow evaporation of the solution at this pH.
Compound (I)
Crystal data A plot of the hydrogen bonding in (II). Alkyl H atoms have been omitted. See Table 4 for symmetry codes. 
Compound (II)
Crystal data (Sheldrick, 1985) ; program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP-3 for Windows (Farrugia, 1997) and PLUTON (Spek, 1990) ; software used to prepare material for publication: WinGX (Farrugia, 1999) .
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